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THE EFFECT OF IONOSPHERIC NON-LINEARITY ON MEDIUM-FREQUENCY TRANSMISSIONS 

FROM ALDABRA 



SUMMARY 

Because it has been proposed to use a very high effective radiated 
power at Aldabra, effects caused by ionospheric non-linearity cannot be dis- 
regarded. These effects include reduction of the received signal together 
with its distortion. When two transmissions are radiated simultaneously, non- 
linearity also causes them to cross-modulate in the ionosphere. The magni- 
tudes of these various effects are examined in this report. 



1. INTRODUCTION 

The effect of ionospheric non-linearity on a 
high-power m.f. night-time sky-wave broadcasting 
service has been discussed in general terms in an 
earlier report.' The present report refers specific- 
ally to the effect of ionospheric non-linearity on 
transmissions from a proposed m.f. station at 
Aldabra. At the time of writing plans for this sta- 
tion are in abeyance. 

Aldabra is situated about 800km from the East 
coast of Africa and the station is intended to serve 
East and Central Africa at night by means of the 
sky wave. It is proposed to install four 750 kW 
transmitters which will either be combined into a 
single 3MW transmitter, or grouped into pairs 
radiating 1-5MW simultaneously on two frequencies. 
With both arrangements the transmitters will be fed 
to a four-radiator directional aerial system beamed 
in a westerly direction. Although it has now been 
decided to use radiators approximately A/4 high, 
the use of tall radiators (approximately A/2 high) 
having a higher gain was also being considered 
when the calculations described here were being 
carried out; results for both types of radiator are 
given for completeness. 

Although Aldabra is situated near the Equator, 
the European electron-density and collision fre- 
quency profiles shown in Fig. 4 of Reference 1 
have been used for the calculations; consultation 
with current workers on the subject has indicated 
that this assumption is reasonable. Transverse 
propagation is assumed, since propagation towards 
the West from Aldabra approximately satisfies this 
condition. The magnetic dip latitude is 42° south 
and the gyromagnetic frequency 0-92MHz. At this 
dip latitude ordinary and extraordinary waves are 
excited in roughly equal proportions on east-west 
paths. Fig. 7 of Reference 1 applies approximately 
to the situation at Aldabra ard shows the attenua- 
tion increases which would occur at the bottom of 
the E-layer if each mode were radiated with an 
effective radiated power (e.r.p.) of 7-5 MW; the 



curves for an e.r.p. of 30 MW show the attenuation 
increases occurring at the peaks of very low modula- 
tion frequencies. The curves indicate that the use 
of frequencies within ±200 kHz of the gyromagnetic 
frequency would be undesirable. All subsequent 
calculations were therefore confined to the fre- 
quency range 1-1 to 1-5 MHz, since no frequencies 
below the gyromagnetic frequency were available. 

Ionospheric non-linearity effects are important 
only at the first reflection point and are, of course, 
greatest when short hops are involved. Since the 
distance to the nearest point on the African main- 
land is about 800km, ionospheric reflection points 
less than 400 km from the transmitter need not be. 
considered.* Calculations were made for first-hop 
lengths of 800 and 1600km, the latter distance 
being near the maximum for which a 1-hop mode 
makes the main contribution to receiver input volt- 
age. These showed that non-linear effects would 
be serious only when the first ionospheric reflec- 
tion point is 400 to 500km from the transmitter. 
The effect of non-linearity is therefore important 
at distances between 800 and 1000km; it is also 
important between 1600 and 2000 km, since these 
latter distances are beyond the effective range of 
the 1-hop mode and are best served by the 2-hop 
mode, whose first ionospheric reflection point is 
relatively close to the transmitter. 

Fig. 9 of Reference 1 shows attenuation in- 
creases calculated by the ray-tracing technique for 
westerly paths from Aldabra when the first ionos- 
pheric reflection point is 400km from the trans- 
mitter; it has been reproduced here as Fig. 1, the 
power levels corresponding to a 3MW transmitter 
having been added. Also indicated are the attenua- 
tion increases occurring at the modulation peaks 
when the transmitter is modulated at a very low 
audio frequency. 

The 2-hop mode has been disregarded for distances 
less than 1600 km because it suffers much higher attenua- 
tion than the 1-hop mode and therefore does not con- 
tribute greatly to the received signal. It also tends to 
penetrate the E-layer at the upper end of the m.f. band. 



We now consider in more detail the magnitude 
of the effects which are expected to occur when all 
transmitters are combined to radiate on a single 
frequency and also when two transmissions are 
radiated simultaneously. 
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Fig. 1 - Increase of attenuation due to non-linearity 



2. ONE 3 MW TRANSMISSION 

Fig. 1 shows that the increase in the attenua- 
tion of an unmodulated 3MW transmission is 0-4dB 
if A/4 radiators are used and 0-6 dB if tall radiators 
are employed. Limiting values for the reduction of 
the fundamental component of the modulation, which 
is equal to the increase in receiver signal-to-noise 
ratio, are given in Table 1, the transmission being 
assumed to be 100% modulated. The way in which 
this reduction varies with modulation frequency is 
shown in Fig. 2(a), the ionospheric time constant 
MGv being assumed to be 1-25ms. 

TABLE 1 

Reduction of Fundamental Component of Modulation 
Frequency 



A/4 



Tall 



radiators radiators 
Low modulation frequencies 1-5dB 2-25dB 

High modulation frequencies 0-6dB 0-9 dB 

Fig. 2(6) shows the second and third harmonic 
levels which occur when the transmission is 100% 
modulated. The curves of Fig. 2 were calculated 
from Equations (22), (23) and (24) of Reference 1. 

Cross-modulation of other transmissions over 
Africa is unlikely to be serious because of the 
distance between Aldabra and the African main- 
land; the nearest ionospheric reflection point will 
be at least 800km from Aldabra. Since this is 
twice as far from Aldabra as the reflection point 
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Fig. 2 - Self '- distortion of one 3MW transmission 

(a) Reduction of fundamental 

(b) Harmonic distortion 



■Four A/4 radiators 
Four tall radiators 



Modulation depth 100% 



assumed for the calculation of Fig. 1, an estimate 
of the cross-modulation may be made by assuming 
that the attenuation increase SA U is one-quarter 
of the value given by Fig. 1. Equation (19) of 
Reference 1 then shows that the fundamental cross- 
modulation percentages at very low audio fre- 
quencies are 2-3% and 3-5% for A/4 and tall radia- 
tors respectively, when the Aldabra transmitter is 
100% modulated. In passing it should be noted 
that the field strength in the ionosphere 800km from 
Aldabra will be about the same as that 100km from 
a 1 MW transmitter driving a single radiator; thus 
cross-modulation levels in Africa should be no 
greater than those currently experienced in Europe. 



3. TWO SIMULTANEOUS 1 -5 MW TRANSMISSIONS 

Non-linearity reduces each individual trans- 
mission when unmodulated by either 0-2 or 0-3 dB, 
depending on whether A/4 or tall radiators are used. 
The reduction of the fundamental component of the 
wanted modulation is obtained by adding Equations 
(18) and (22) of Reference 1. Limiting values for 
the reduction of the fundamental when both trans- 
missions are modulated 100% are given in Table II, 
the variation with modulation frequency being 
similar to that shown in Fig. 2(a). 



TABLE II 

Reduction of Fundamental Component of Modulation 
Frequency 



A/ 4 



Tall 



radiators radiators 



Low modulation frequencies 1-1dB 1-6dB 

High modulation frequencies 0-6dB 0-9dB 



The second and third harmonic levels of the 
wanted transmissions, calculated from Equations 
(23) and (24) of Reference 1, are about 6dB lower 
than the corresponding levels for a single 3MW 
transmission (shown in Fig. 2(b)) because 8Ay has 
been halved. 

The cross-modulation between the two trans- 
missions is given by Equations (26) and (27) of 
Reference 1 and depends to a small extent on the 
modulation depth of the wanted transmission. 
Since the subjective effect of cross-modulation is 
greatest when the wanted transmission is unmodula- 
ted, only this case is considered here. Fig. 3(a) 
shows the cross-modulation levels which occur 
when the unwanted transmission is modulated 100%. 

Intermodulation levels occurring when the un- 
wanted transmission is modulated 100% were cal- 
culated from Equations (28) and (29) of Reference 1 
and are shown in Fig. 3(b). These levels, relative 
to the level of the wanted modulation, are indepen- 
dent of the modulation depth, and almost indepen- 
dent of the modulation frequency, of the wanted 
transmission. 

The cross-modulation levels shown in Fig. 2 
are higher than the values which would normally 
be regarded as acceptable. Since the highest 
levels occur at low audio frequencies, however, it 
is an advantage to attenuate the lower audio fre- 
quencies before modulating the transmitter. Such 
attenuation is, in fact, normal practice in the B3C 
External Services and the programme feeds received 
at Aldabra will have been subjected to this attenua- 
tion in the U.K., the frequency response of a typical 
programme input shaping network being shown in 
Fig. 4. The effect of this network is to change the 
modulation levels of individual frequencies by the 
amount shown in Fig. 4. First-order cross-modula- 
tion and intermodulation terms are also changed by 
the same amount and second-order terms by twice 
the amount. The resulting cross-modulation and 
intermodulation is shown in Fig. 5, which may be 
compared with Fig. 3. 

The subjective effect of the residual cross- 
modulation arising when standard programme input 
shaping networks are used was investigated in the 



•D -30 

















-• 


I I 
- ^. fundamental, f' m 






















^^ 


^ 












— 




. 


^ 


-* 






<> 


"-x 


















second harmonic ^s. 

... _l .._!_.. L i. 














,. 

N 


i 
I 








i 












N 




s 


> 


v 



(a) 



.2 . n « 



■-50 


















































































*2f'm 


""^ 


~ 


>. 








'••s 


V 


X 

. X 

V X 




fn 






















N ^ 


X 


«, 








V. N 


2 3 4 5 


7 




10 2 2 3 4 5 


7 




10 3 2 



modulation frequency of unwanted transmission f' m , Hz 
(b) 

Fig. 3 - Interaction between two 1-5MW trans- 
missions radiated simultaneously 

(a) Cross-modulation 

(b) Intermodulation 



-Four A/4 radiators 
"Four tall radiators 



Unwanted transmission modulated 100% 



10 



dB 



-10 









































































































o ; 


; 


J A 


1 






j 




K) 2 ; 




j ' 


i ■ 






7 




103 2 



frequency, Hz 



Fig. 4 - Frequency response of programme input 
shaping network 



laboratory. Both the wanted and unwanted modula- 
tions were passed through shaping networks and 
limiters typical of those used at BBC transmitters, 
so that both modulations resembled the programme 
feeds which would be received at Aldabra from the 
U.K. The shaping networks had the frequency re- 
sponse shown in Fig. 4 and the limiters gave 16dB 
of compression. The unwanted modulation was 
also passed through a de-emphasis network having a 
time constant of 1-26ms to simulate the ionos- 
pheric time constant, thereby reducing cross- 
modulation at the higher audio frequencies. 




a -so 

o 



-60 



fa; 



CD 

■o-30 
« 

8 

1.0 


























































fm^fm 






















S 




* 




















«.. 








• 


^ ^-s 


% 

1-50 


























H 


i — . 
















1 


5 




3 < 


i j 










i 


02 2 




3 •= 


1 J 






7 






03 2 



modulation frequency of unwanted transmission f' m , Hz 
lb) 

Fig. 5 - Interaction between two 1-5MW transmitters 
with programme input shaping networks 

(a) Cross-modulation 

(b) Intermodulation 
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Unwanted transmission modulated 100% 

The relative gains of the two audio-frequency 
channels were adjusted so that the unwanted 
modulation was 42 d3 lower than the wanted modula- 
tion at 800 Hz; this corresponds to the expected 
effect when A/4 radiators are used and is the ratio 
given by the unbroken (fundamental) curve of 
Fig. 3.* The two audio-frequency signals were 
added and used to modulate a typical domestic 

* Because shaping networks are present in both chan- 
nels, Fig. 3 (not Fig. 5) gives the relative level of the 
two modulations. Fig. 5 gives the absolute level of the 
unwanted modulation. 



receiver, so producing the characteristic reduction 
of the higher modulation frequencies which results 
from receiver intermediate-frequency response. 
The unwanted modulation heard in the internal 
loudspeaker of the receiver was graded as 'just 
perceptible.' 



4. CONCLUSIONS 

When a single 3MW transmission is radiated 
from Aldabra, ionospheric non-linearity will cause 
the effective strength of the signal received in 
some parts of the service area to be about 1 dB 
less than it would be if ionospheric non-linearity 
were absent. This figure applies to the useful 
part of the audio-frequency spectrum. When two 
1-5MW transmissions are radiated simultaneously, 
they will cross-modulate each other in the ionos- 
phere and audio-frequency intermodulation products 
will also be generated. The most important effect 
is the cross-modulation, but its subjective effect 
will be no worse than 'just perceptible* provided 
the programme feeds have passed through standard 
programme input shaping networks before trans- 
mission. 

The effects due to ionospheric non-linearity 
will be greatest in the nearest parts of the African 
mainland (800 to 1000 km from Aldabra) and also 
at distances between 1600 and 2000 km since the 
latter are not well-served by the 1-hop mode. The 
reduction of signal strength is unimportant at the 
closer range of distances, however, because here 
the field strength is high. Cross-modulation of 
other services on the African mainland by trans- 
missions from Aldabra will be no greater than cross- 
modulation currently experienced in Europe with 
existing l.f. and m.f. transmitters, because of the 
relatively large distance between Aldabra and the 
African coast. 
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